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» 

Health Consultation: A Note of Explanation 

An ATSDR health consultation is a verbal or written response from ATSDR to a specific request for 
infonnation about health risks related to a jtpecific site, a chemical release, or the presence of hazardous 
material. In order to prevent or mitigate exposures* a consultation may lead to specific actions, such as 
resfricting use of or replacing water supplies; intensifying environmental sampling; restricting site access; or 
removing the contaminated msterial. 

In addition, consultations may recommend additional public health actions, such as conducting health 
surveillance activities to evaluate exposure or trends in adverse health outcbmes; conducting biological 
indicators of exposure studies to assess exposure; and providing heatth education for health care providers 
and community members. This concludes the health consultation process for this site, unless additional 
information is obtained by ATSDR which, in the Agency* jt opinion, indicates a need to revise or append the 
conclusions previously issued. 

You May Contact ATSDR '1X)LL FREE at 
1-888-42ATSDR 

or 
Visit our Home Page at: hCtp:/Avww.atsdr.cdc.gov 
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Background 

The Herculaneum lead smelter is an active fiudlity that has been operating since 1892. The Doe 
Run Company currently owns and operates the smdter. The &ciUty is located at 881 Main Street 
in Herculaneum, Missouri. A lead ore concentrate, consisting of 80% lead sulfide, is processed at 
the smelter. The ore is obtained from lead mmes operated by the company in the Viburnum Trend 
[1]. 

The company disposes waste slag from the smelting operations in a waste management area 
(WMA) south ofthe smelter. The WMA current^ occupies about 24 acres of plant property. A 
large portion ofthe slag storage area is designated as a wetland and is subject to flooding from 
Joachim Creek and the Misusnppi River. 

Eight air monitoring stations in the surrounding area monitor for lead. Recent air monitoring data 
from all but one ofthese stations has been in compliance with the National Ambient Air Quality 
Standard (NAAQS) lead standard. The Broad Street station, which is located across the street 
from the smelter, has consistently documented lead concentrations in air that exceed the NAAQS 
for lead. Potential sources of lead emissions from the smelter fedlity include air emis^ons from 
the smelter stack, as well as fiigitive dusts from the buildings and waste slag piles. 

The Missoun Department of Health (MDOH) offers blood lead testing to residents ofthe area 
Between June 1992 and May 1999, 52 children who live in the vicinity ofthe smelter were tested. 
Ofthese 52 children, 15 had blood lead concentrations above 10 \ig/dL, and 3 had blood lead 
concentrations greater than 20 ^g/dL [2]. 

Staff from the MDOH have met with parents of children with elevated blood lead concentrations 
and counseled them on how to reduce e}q>08ure to environmental sources of lead. However, in 
spite of home inspections and personal counseling on how to reduce exposures to lead, some of 
the children continue to have elevated blood lead concentrations. 

Therefore, the Agency for Toxic Substances and Disease Registry (ATSDR) worked with the 
MDOH to conduct this Exposure Investigation (El). Staff from the MDOH identified homes 
occupied by children who had persistently elevated blood lead concentrations. Environmental and 
biological samples were collected from these homes and analyzed for total lead content, as well as 
for stable lead isotopes (lead 204,206,207,208). These data, in conjunction with infoimation 
from interviews with fiunity members, were used to identify possible sources of lead exposure in 
the children with elevated blood lead concentrations. 

This investigation was conducted as a public health senace to the participants to assist them in 
better understanding their potemial exposure to environmental lead contamination. The results 
obtained are applicable only to the participants of this investigation and may not be generalizabie 
to other individuals or populations. 
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Target Popolatiott 

ATSDR consulted with the MDOH to identify appropriate houses for testing. This Exposure 
Investigation (EI) was limited to two houses in Herculaneum, which met the foUowing criteria: 

(1) The house is located within a V^mile radius ofthe smdter. 
(2) One or more children aged 6 years old or le^s has lived at the house for his/her entire life. 
(3) Recent testing has identified at least one child in the house who has a blood lead 

concentration of 1S ^g/dL or higher. 

In addition to testing the index child/children, other &mily members were also included in the 
investigation. 

Test Procedures 

Prior to testing, each partidpant, and a parent or legal guardian of each minor participant, was 
required to sign an informed consent/assent form. Written, informed consent was also obtained 
for environmemal testing. 

A registered nurse firom the Je£krson Coimty Health Depanment collected a blood sample from 
each &mily member using two 5-ml heparinized Vacutain^^''. Each paitidpant also provided a 
first mormng void urine sample. The Uological samples wefe stored on ice packs until they were 
shipped by overnight express ddiveiy to the laboratory for analysis. 

A representative of ATSDR collected the following environmental samples at each house: 

(1) A house dust sample was collected using a Nilfisk* HEPA vacuum deaner from two 
rooms in the house that are frequented by the child. 

(2) A composite surfrice soil sample (0-1 inch) was collected along the dnp line ofthe house 
on the side fadng the smdter. A second composite surface soil sample was collected in a 
play area ofthe yard. 

(3) Paint samples were coUected from surfitces identified by previous XRF surveys as having 
been painted with lead-containing paint. 

(4) A sample of first mormng draw tap water was collected from the kitchen tap. 

(5) Two ambient air particulate samples were collected at each house using a 37 nrni (0,8 ^ 
pore size) mixed cdhdose ester filter and an air pump that operated at a flow rate of 3 to 5 
liters per minute. Air samples were coUected 4-5 feet firom the ground in an open area. 
ATSDR attonpted to coUect two 24-hour samples at each house, but the second sampling 
period was cut short because of threatening rain. Blank air filters were also analyzed for 
lead. 
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(6) Hand wipes from both hands were coUected from each diild using pre-wetted baby wipes. 
After collection, the wipes were placed in pr^<cleaned glass jars. Blank wipes were dso 
analyzed fbr lead. 

In addition, the Missouri Department of Natural Resources (MDNR) provided ATSDR with two 
air particulate filters firom an air monitoring unit located at Dunklin High School. The filters were 
from 24-hour sampling events conducted on February 24,2001 and March 14,2001. 

Analytical Procedures 

The environmental and biologicd samples were shipped by overnight express delivery to the 
University of Texas at DaUas, Departmem of Geology, for analysis. 

The samples were digested in concentrated mtric add in a microwave oven. Aliquots ofthe 
digests were tested for total lead content using atottiic absorption. Isotopic lead amdysis for lead 
204,206,207, and 208 were conducted using thermal ionization mass spectrometry [3]. Fidd 
blank samples of hand vf ip^ dr fitters, and vacutainers were also tested for lead. Isotopic lead 
standards (NTIS SRM 981) were amultaneously lun to confinn the accuracy and predsion ofthe 
isotopic analyses. 

Results 

The lead concentrations and lead isotopic ratios for the biological and environmemal samples 
coUected from the two fomilies that partidpated in this investigation are presented in Tables 1 and 
2. The analytical results for two dr samples coUected by the MDNR at Dunklin High School are 
presented in Table 3. 

To hdp discem the differences in the isotopic ratios, the lead ratios are presented graphicaUy in 
Figures 1, 2. and 3. In these figures, only the 206 to 207 and the 206 to 204 ratios are presented. 
These ratios were sdected because they have the oddest range of variability [4]. It would be 
redundant to analyze the other ratios, since dl the isotopic ratios strongly co-vary. 

As indicated, the blood lead concentrations in the younger children (2 to 4 years old) are higher 
than those in their teenage sibUngs or parents. In the younger children, the blood lead 
concentrations range firom 14.4 - 26.1 Mg^dL, whereas the blood lead concentrations in teenagers 
and adults range from 3.2 -10.9 jug/dL. 

The data in Tables I and 2 show that the lead isotopic ratios are very similar in the blood and 
urine samples from an individud. This is to be expected, since lead that is removed from the 
blood by the kidneys is excreted into the urine. Oither researches have noted that the lead isotopic 
ratio in blood and urine are very similar, whereas the lead mass concentrations are only weakly 
related [5], 
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The ambient air monitoring data indicate that elevated concentrations of lead were detected in air 
particulate samples coUected in the £1 participants' yards. On the first day of sampling, the air 
samples were collected over a time period of about 24 hours. On the second day of sampling, the 
air samples v/ere coUected over a time period of about 12 hours; the sampling period on the 
second day was cut short to protect the air sampling pumps from threatening rain. The lead 
concentrations In the residentid dr samples ranged from 0.73 to 6.3 Mg/m' By comparison, the 
Nationd Ambient Air Quality Standard for lead is 1.5 f̂ g/TO?, as averaged over a thiee-month 
period. 

The MDNR provided ATSDR witii two air filters coUected from a hij^ vokune dr sampler 
located at Dunklin Hgh School. The samples were sdected to represoit a maximum air lead 
concentration and a typicd air lead concoitration detected during a 24-hbur sampling period. 
MDNR reported the lead concentrations in these two air samples to be 41.7 Aig/m' and 4.14 
Mg/m*, respectively. 

At each house, a wipe sample was coUeaed from an outdoor window sill. As indicated, the 
window stU wipe samples contained a high suiface loading concentration of lead, and the lead 
isotopic ratios were similar to those in the air samples. This is to be expected, dnce a Ukdy 
source of window siU dust is from the M-out of air particulates. 

Soil samples from House 2 contained high concentrations of lead (1,630 ppm and 2,900 ppm). In 
1999, die yard soil from House 1 was removed and replaced with clean soU. A yard soil sample 
from House 1 contdned 342 ppm lead, and a soU sample collected dong the drip Une ofthe house 
contained 999 ppm lead. An XRF survey did not detect leaded paint on the exterior ofthe house. 
Therefore, a possible source ofthe lead comamination at the drip line was air particulates that had 
depodted on the roof, which were then washed by rain onto the ground. 

Discussion 

The Centers for Disease Control detennined that adverse hedth effects may occur in children 
(< 6 years old) at blood lead levds in excess of 10 /ig/dL. As indicated by the data in Tables 1 
and 2, the blood lead concentrations in the three young children in this £1 exceeded this level of 
hedth concem. 

In order to identify posdble sources of lead exposure in these children, ATSDR conducted 
Isotopic lead andyses. Lead from different geoiogicd sources has difBerent isotopic ratios. By 
comparing the lead isotopic ratios in the blood samples with the isotopic ratios in potentid 
environmentd sources, it is sometimes possible to identify' the source of a child's exposure. 

As discussed previoudy, the blood lead concentrations in the chUdren were higher than those in 
the adults. Furthermore, the data in Tables 1 and 2 show that the lead isotopic ratios in blood 
firom the young children were difrerent than the isotopic ratios in their teenage siblings or parents. 
This indicates that the lead exposures in children are quantitativdy and qualitatively difTerent than 
those in adults. 

4 



SEP-.14-01 12.14 FROM.ATSDR DHAC 10.4044980609 PAGE 9/19 

The concentrations of lead in the first-draw tap water samples were low. Furthermore, the lead 
isotopic ratios in water were fhr bdow those of any ofthe children's blood samples. Therefore, 
lead from tap water is not likely to be a significant source of exposure. 

In House 1, the doorfiame of one child's bedroom had been painted with lead-containing paint. 
However, this paint was in good condition, and it had been seded with a new coat of paint. 
Furthennore, the lead isotopic ratio of this paint: was considerably lower than the childroi's blood 
lead isotopic ratios, so this paint is a not a likely source of exposure. 

In House 2, lead-contaiiung paint was identified on the walls of a storage area off of the garage. 
This area was inaccesdble to the child. Furthermore, the lead isotopic ratio in this paint sample 
was condderably higher than the chUd's blood sample. Therefore, it is not Ukdy that this paint is a 
source ofthe child's lead exposure. 

Other potentid sources of lead exposure in the environment ofthe chUdren in this EI are the high 
levds of lead detected in air, dust, and soU. The Isotopic lead ratiios m these environmentd media 
duster near, but do not predsdy match, the blood isotopic ratios. Therefore, rather than being 
exposed to a single environmentd source, lead from varying combinations ofthese media may be 
contributing to the children's lead exposure. 

Ambiem d r monitoiing data have documented that air in the vicinity ofthe smelter has 
consistentiy exceeded the NAAQS for lead. Lead emissions from smelters is of particular hedth 
concem because ofthe high bioavdlability of lead in smdter emissions [6]. The smaU partide size 
of the air particulates &ciHtate lead absorption if the particles are inhded or ingested. In addition, 
children d>sorb a higher percent of lead from thdr gastrointestind tracts than do adults [7]. 

Soil lead contamination within 1/4 -mile ofthe smdter averages about 3,000 ppm, whereas 
background soU lea4 concentrations in the area are 25 to 40 ppm [2]. Therefore, it is likdy that 
the M-out of lead-containing dr particulates from the smdter is contributing to lead 
contamination in soil and window siU dust. These media could, in turn, be contributing to lead 
contamination in house dust. 

It has been weU-documented that lead contamination in surface soUs and house dust is a 
dgnificant source of lead exposure in young children [8]. In&nts commody exhibit pica activity 
(the ingestion ofsoil and other non-food items). In addition, young children often put thdr 
fingers and other soiled objects in thdr mouths, and this could result in the ingestion of 
contaminated soU and dust. 

As shown in Figures 1, 2, and 3, the lead isotopic ratios in the children's hand wipe and house 
dust samples plotted near the children's blood isotopic ratios. Therefore, it is reasonable to 
speculate that the chUdren could pick up contaminated house dust on thdr hands, which they then 
transfer to thdr mouths. 
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It is likdy that the children in this £1 were dso exposed to small amounts of lead through tbeir 
diet. Foods were not analyzed in this £1, since dietary intake of lead could vary widely from day 
to day. However, it is not likdy that lead in food is a mtyor source of lead exposure, since the 
dietary intake of lead by a 2-year old duld is estimated to be only 4.3 iigfddy - a rdativdy smdl 
dose [7]. Furthermore, blood lead levels in other fiunily members, who presumably eat many of 
the same foods as the children, were not elevated. 

Since the young children in this EI have Uved their entire lives at thdr current residences, they 
have not had the opportunity for dgnificant exposures to environmental lead in other geographicd 
areas. Furthermore, none ofthe children had been breast fed, so they were not exposed to lead in 
thdr mother's breast rniUc. 

It is posdble that another uddentified source of lead is contributing to the elevated blood lead 
levds in these children. The lead isotope ratios in many ofthe air, soil, and house dust samples 
slightiy exceeded the lead isotope ratios in the blood samples. Therefore, it is posdble that another 
unidentified lead source, particularly one with a lead isotope ratio lower than those in the 
children's bloods, is contributing to thdr lead exposure. However, the comprehensive 

VenviFonmentd screening conducted during this EI and detailed interviews with the fiunilies failed 
to identify other potraitid sources of lead exposure. 

6endusions 

(1) Blood lead concentrations were elevated above a levd of hedth concem in young children 
(2 to 4 years old). 

(2) Lead contamination was detected in ambient dr particulates, dust on window dUs, surface 
soil, and house dust. Lead from these sourees is likdy contributing to the devated blood 
lead concentrations detected in the young children. 

(3) Lead in paint and v^ter do not appear to be a significant source of lead exposure in the 
children with devated blood lead concentrations. 

Recommendations 

(1) Implement actions to mimmize children's exposures to lead-contaminated soU and house 
dust. 

(2) Implement actions to reduce lead concentrations in ambient air. 

(3) Encourage regular blood lead testing in all young children (< 6 years old) who live in the 
vicimty ofthe smelter. 
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Table 1 

House 1 

Age Type 

(mother) 

(father) 

16yr 

4yr 

2yr 

Blood 
Urine 

Blood 
Urine 

Blood 
Urine 

Blood 
Urine 
Handwipe 1 
Handwipe 2 

Blood 
Urine 
Handwipe 1 
Handwipe 2 

Water 
A i r 1 
Air 2 
House Oust 1 
House Dust 2 
Window sit! 

Soil 1 

Soil 2 

Paint 

Biologtcal Samples 

Lead 

4.2 HQ/dL 
2,6]iQfl 

10,9 MQ/dL 
3.7ng/L 

7.2 )iQl6L 
Q.8\iQfL 

15.9 MO/dL 
13.8 ^ Q A 

41 HQ 
75via 

26.1 ^ / d L 
24.7 jiQ/L 
34^g 
66\tg 

206/204 

19.69 
19.81 

19.60 
19.52 

19.70 
19.87 

20.14 
20.20 
20.29 
20.40 

20.17 
20.16 
19.63 
20.35 

•nvlronmental Samples 

Z.2\iQlL 
2.29 Mg/m3 
0.733 n0/m3 
821 nfl/m2 
1,796 ng/m2 
12,775 Wj/m2 

342Mg/g 

999pig/g 

l7,300MO/fi 

18.76 
20.62 
20.87 
20.33 
20.44 
20.52 
20.55 
20.34 
20.34 
20.39 
20.38 
19.35 
19.33 

207/204 

15.64 
15.73 

15.77 
15.72 

15.85 
15.78 

15.77 
15.80 
15.83 
15.85 

15.80 
15.78 
15.78 
15.81 

15.66 
15.85 
15.88 
15.85 
15.82 
15.83 
15.86 
15.83 
15.82 
15.83 
15.82 
15.69 
15.68 

208/204 

38. / / 
39.02 

39.01 
38.89 

38.83 
39.16 

39.26 
39.33 
39.43 
39.56 

39.32 
39.28. 
38.94 
39.46 

38.45 
39.64 
30.72 
39.54 
39.55 
39.55 
39.85 
39.50 
39.48 
39.52 
39.48 
38.84 
38.59 

206/207 

1.259 
1.260 

1.242 
1.243 

1.259 
1.259 

1.277 
1.278 
1.282 
1.287 

1.276 
1.278 
1.246 
1.287 

1.197 
1 301 
1.302 
1.283 
1.291 
1.296 
1.297 
1.285 
1.285 
1.288 
1.288 
1.233 
1.233 
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Table 2 

House 2 

Age Type 
Biological Samples 

Lead 206/204 207/204 208/204 208/207 

(mother) Blood 
Urine 

(father) Blood 
Urine 

13yr Blood 
Urine 
Handwipe 

4yr Blood 
Urine 
Handvwpe 1 
Handwipe 2 

Water 
Alr1 
Air 2 
House Dust 1 
House Dust 2 
Windowsill 

SolM 

Soil 2 

Paint 

3.0 (xg/dL 
6.1 pg/L 

6.8 [ig/dL 
4.35 ^g/L 

7.8 Hg/dL 
7.8pfl/L 

348pg 

14.4 ug/dL 
20.1 ^ / L 
239ng 
96^3 

19.69 
20.07 

19.78 
19.68 

20.13 
20.14 
20.51 

20.32 
20.31 
20.53 
20.39 

Environmental Samples 

0.l8Hg/L 
3.28 M/m3 
6.30 nm3 
723 jig/m2 
505 Hg/m2 
48,100^0 

1,630^0/0 

2,900ng/g 

6,490ng/g 

19.62 
19.83 
20.46 
20.31 
20.19 
20.47 
20.42 
20.74 
20.74 
20.78 
20.77 
20.90 
20.89 

15.64 
15.81 

15.83 
15.73 

15.79 
15.78 
15.89 

15.81 
15.81 
15.85 
15.84 

15.68 
15.76 
15.84 
15.84 
15.82 
15.87 
15.82 
15.87 
15.85 
15 87 
15.88 
15.84 
15.83 

3879 
39.32 

39.22 
39.00 

39.28 
39.27 
39.71 

39.42 
39.43 
39.60 
39.58 

38.90 
39.50 
39.51 
39.48 
39.38 
39.65 
39.47 
39.76 
39.71 
39.73 
39.69 
40.20 
40.12 

1.259 
1.270 

1.249 
1.251 

1.275 
1.276 
1.291 

1.285 
1.285 
1.295 
1.287 

1.252 
1.258 
1.291 
1.283 
1.276 
1.290 
1.291 
1.307 
1.308 
1.309 
1.310 
1.318 
1.319 
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Table 3 

Ambient M- Samf^s at Dunklki HIs^ School (MDNR) 

Oate Lead 206/204 207/204 208/204 206/207 

2/24/01 41.7Mg/m3 19.99 15.79 39.18 1.266 
3/14/01 4.14ug/m3 20.21 15.82 39.36 1.278 
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Legend for Figures 1-3 

Air HS - Air sample collected at Dunklin EQgh School 

HW - Hand >\'ipe from child 

HD - House dust sample 

WSD - Dust sample from outdoor window sill 



Figure 1: Lead isotopic ratios in 4-year old boy 
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Figure 2: Lead tsotopte ratios in 2'-year ofd gfri 
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